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The effect of multiplicity of infection on transcription
was studied by infecting bacteria Escherichia coli with bacteriophage and cIk7029P3 using multiplicity of infection 0, 2,
and using multplicity of infcction 0,2,
5,10 and 20.DNA-RNA hybridization with r-strand DNA,
l-strand DNA, imm80 r-strand DNA and 80imm r-strand
DNA was used to measure the m-RNA transeribcd from the r-strand
r-strand,A to J regions and x-O-P region of bacteriophage
at 3-6,15-18 minutes after infection.The results
showed that multiplicity of infection does have an important
effect on transeription .During the carly period of transcription ,
3-6 minutes after infection the m-RNA synthesized from either
the r-strand or l-strand is not significantly dependent on
multiplicity of infection. However,some stimulation of
transcription from the r-strand by high multiplicity of infection
was observed during 15-18 minutes after infcction, especijally for
infected cells. Asignificant increase in m-RNA
synthesis from the l-strand during 25-28 minutes after infection
in infected cell is another important observation
in this transcriptional study. The significant decrasse in transeription
from the late genes (A to J gencs )with increasing multiplicity
of ingection corrclatcs well with the eneolysin data from Tsui
and mark (19976)
2INTRODUCTION
A. Literature review of baeteriophnage 入_
The bacteriophages are a diverse collection of viruses
that multiply in bacterial cells. 入 is one of the varieties of
bacteriophages which multiply in Escherichia coli.. 80,
21, 82 and 434 are the six phages that constitute the laraboid
phage family. The members of the lamboid phage family can
form hybrid phage with each other because of the presence of
homology regions in their chromosomes. They have many properties
in common: they can recombine with each other, they have birilar
gene order, their DNA molecules possess identical pairs of
cohesive ends and their lysogen can be induced by ultraviolet
irradiation( Hershey&Dove, 1971). what follows confine to
the study of bacteriophage 入 only.
(a) Discovery
phage was first discovered by E. Lederbery (1951),
although its existence in the form of prophage had already been
recognized several years before( Gray and Tatum, 1944 ;
J. Lederberg and Tatum, 1946).
(6) Morphology
Each contains one double-stranded linear DNA molecule encapsulated
in an icocahedral head, about 0.054/ in diameter. From the
icosahcdral head, there projects a flexible tubular tail about
150 nm( 0.15M) long terminating in a fibre( Kellenberger
入 phage particles are a bout half protoin and helf DNA.
3and Edgar, 1971). No contractile sheath is present. Capsomeru
can easily be seen on the head membrane or capsid. They represent
in reality clusters of protomers, mostly likely hexonc and pentonc,
containing respectively 6 and 5 subunits( Murialdo and Siminovi!ch
1971 Casjens et. al., 1970 Buchwald et. al., 1970).
The molecular weight of phage particle is about 66x10 6
daltons of which about 30± 1.0x106 daltons comprise DNA,
corresponding to 46,500 nucleotide pairs.( Caro, 1965 Davidson
and Szybalaki, 1971).
The base composition of the DNA is made up of the
usual 4 bases. However, methylated nucleotides, 5-methylcytosine
( 5!1C) and 6-methyla uinopurine (64-MAP) in the phage DNA
molecule have also been reported( Gough and Lederberg, 1966
Ledinko, 1964 Hidalgo and Nash, 1972).
Both strands of DNA bind guanine rich ribopolymers,
but strand r binds about 3 times more than strand 1( Hradcoiia
and Szybalcki, 1967). The findings that DNA strand containing
C-rich clusters serve as templates for transcription led to the
suggestions that the pyriraidine -rich cluster may act as sort of
recognition sites (promoters or terminators) involved in strand
selection for transcription( Szyhalski et. al. 1966. 1969).
(c) Grovth cycl
Coliphage is a temperate phage. It is an obligatory
parasite of Escheri chic coli. Depending on the phage strain and
the physiological state of the baci,erial host, phage can
4elicit two responsos- lysogenic or lytic growth. In the lyti c
growth, the genome directs the synthesis of a number of gene
products. These gene products include several enzymes such as
endolysin and structural proteins for the construction of heads
and tails. The virus induced enzymes and proteins promote. the
replication of the phage DNA packaging of the DNA into mature
phage particles and eventually lysis of the cell. At 37 C
it takes about 4.0 minutes to complete a lytic cycle and 100
infective progeny phage particles are produced.
In the lysogenlc response, the injected DNA is linearly
integrated into the host chromosome as a prophage. Recognition
of the site for insertion is probably accomplished by means of
base-pairing interactions between specific sites on the phagc
and bacterial chromosomes. Once integrated, lambda DNA replicates
passively as an integral part of the bacteria]. genoiie. To ensure
the maintenance of this lycogenic state, )4d DNA must promptly
turn on the synthesis of the repressor, coded by ci gene, in
quantity sufficient to block transcription of those genes responciblo
for autonomous lambda DNA replication and most other bacteriophafe
functions. As prophage is an integrated part of the. bacterial
genome, it is trar,Gmittcd to all the bacterial progeny cells, a
very effective and harmless form of symbiotic propagation of the
viral genome. However, this type of phage propagation will be
terminated once the lysogenic host cell. dies. To ensure its
5propagation, bacteriophage. can convert itself from lyaogenic
etate to lytic state. This type of conversion is denoted as
"induction" and its first step is inactivation of the
repressor protein which finally leads to bacteriophage production
and cell death.
Beside existing in the form of lysogen, the lambda genoine,
or its fragment containing the replication genes( autoregulated
by the tof product) can also persist in the carrier host as a
non-integrated plasriid( Szybalcki, 1974).
(d) Genetics
There are 20-30 genes of bact:eriopliagc. They are
grouped together into several functional groups on the linkage
nap and are expressed sequentially( Campbell, 1971).
1. Head genes
Nine genes are required for head formation. They are
A,W,B,C,nu3,D,E,FI and FII,locuting at the left
of the r-strand DNA.( Fig. I.) These genes are required for the
in vivo formatiolx of the functional phage head and the cohesive
m-m' ends of DNA by cutting at the cos site( Ter function).
Gent A codes for a protein that has Ter activity in vitro but
it is not a of the completed head. Genes D and. E code
for two major capsid proteins, ,which are both on the outside
of the head. Genes B and C specify minor capsid proteincs,
which are cleaved during head assembly, the cleaved C protein
is fused to an equimolar a roan of a cleaved fragr ent of the
6Fig.l a Genetic map of bacteriophage. Genes essential
for normal lytic growth are designated by uppercase
letters (A- Z). Genes not essential for lytic
growth are the cI, CIII, and of, which participate
in negative regulation the int and xis genes, con-
cerned with site-specific recombination. and the
ero, 13, and' genes for the exonuclease,
and' proteins of general recomination. (Not in
scale, modified from Echols, 1971a)
b Transcriptional map of bacteriophage The
orientation of transcription for operons (OR scriptons)
Ll, L2, L3, RL and R2 are indicated by the open arrows.
Symbols PC, PC', PL' PR, and PR' denote the promoters
for initiation of transcription. Symbols 0 denote the
target sites for the transcription-inhibiting effect
of the cI repressor (0L and OR operators) and of the
product of gene tof (0C, OL, and possibly OR' see
Echols et al., 1973). The N product permits trans-
cription to proceed across sites tL' tRl, and t R2. The
gene products of cII and cIII from a regulatory
oligomer which activates the transcription from PC
promoter (Strack and Ziegler, 1969 Richardt anti Kaiser,
1971 Echols and Green, 1971). For other gene functions,
please refer to Fig.l. and test. (Not in scale, modified.
from Szyba.laki, 1970, 1971, 1974)
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E protein. Gene FII codes for a capsid protein that joins the
head to the tail. Gene W codes for a protein that is needed for
this Fll-prornoted reaction, but W protein itself is not incorporated
into the finished capsid ( Szybalski, 197' )•
• Tail Renes
Eleven genes (ZUVGTHMLKIJ) located
just at the right of the head genes, determine the tail synthesis
( Weigle, 1966 ; Parkinson, 1968 ; Mount et al. , 1968 ; Kemp,
et. alo, 1968 ; Dove, 1966 ). Genes V codes for a major tail
protein ( Murialdo and Siminovitch, 1971 )• Gene U controls the
length of the tail ( Murialdo and Siminovitch, 1972 ). The H
protein is cleaved tc give gene J which determines the host
range and the tail antigen. ( Campbell, 1971 ; Kcllenberger and
Edgar, 1971 )
3. Recombination genes
Two genes (int and xis) are required for site-specific
recombination at the att site ( Signer, 1968 : Campbell, 1969 )•
The int gene alone codec for an enzyme that controls prophoge
integration. It is also required together v?ith xis gene for ex-•TCTW(Uf
cieion of the prophage from the bacterial chromosome at the att«SLJMBKMDU
site ( Gottesraan and Weisberg, 1971 » Signer, 1968 )
The red genes are needed for general recombination at
normal frequency ( Signer and Weil, 1968 ; Echols and Gingery,
1968 ). RedoC or exo codes for the X- exonuclease. Rod (0 or• 'J jtm
jS codes for a protein jS_ that, in conjunction with the
exo product, promotes general recombination ; it resembles the
exo function in its effect on growth in various hosts ( Signer,
1968, 1971 ; Zissler, Signer and Schaefer, 1971 )
Early_control genes
Genes N , £l , £ll , cIH i rex and tof ( cro or fed )
required for the control of gene expression during early period
of development•
gene N acts ae a positive regulator in viral devel¬
opment ( Echols 1971 » Thomas, 1971 Couturier et, al., 1973 )
The product of gene N functions as the anti-termination factor
which interacts with the host RNA polymerase and abolishes the
- imposed termination at ? and t,. on the DNA
( Roberto, 1970 )• In this manner, the leftward transcription
extends from the site to gene int and the rightward tran 3-
ption from P to tof , 0 , P , CJ and beyond. During the
infectious cvcle of bacterionhago N protein promotes
the repressor synthesis but does not directly increase tl ~
repressor leveL. Instead, it increases the synthesis of th
ell and cIII proteins, which in turn activate transcription
from the promoter P of cl .
~ro —
The £ll and cIII genes ( Kaiser, 1957 ) ar© required
for initiation of cJ. repressor synthesis at P during
— x re 0
lysogenization. ( Reichardt and Kaiser, 1971 5 Echols and
Green, 1973. ) Both ell and cIII proteins are unstable.
cl rone codes for repressor, which binds to the 0T•VTJI
and 0 operators and blocks transcription initiation at the
promoters F an(j ( Ptashne, 1971 )• At low multiplicities,
the amount of cl expression is limited by the number of cl and
cIII, but not N or ell templates. Phage DNA replication also
proraotos cl expression at low phage multiplicities, Tof product
can reduce fivefold cl expression fiom P • Pre-existing— —rm
repressor stimulates the initial rate of cl expression from P ,
probably because the repressor binds to the operator 0 and
protects P from repression activity of tof product, cl
expression from P is activated by ell and £lli proteinsI c
( Heichardt, 1975a )
The product of gene rex inhibits the growth of unrelated
phages including the rll mutant or T. phage ( Ptashne, 1971 )
T,- lr ( Jacquemin-Sablon, 1975 ) and TI ( Christensen and
Geiaan, 1975 )•
Q?he tof ( cro or fed ) gene is a regulatory gene capable
of opposing the establishment of repression ( Calef and Neubauer,
1968 ; Eisen et, al«, 1970 ; Opponheim et, al., 1970 ; Spiegelraan,
1971 » Sly et„ alv 1971 )« The tof product acts as the second
repressor1, but appears to be loss efficient than the first
repressor, possibly because it reduces its own synthesis and is
unstable ( Szybalski, 197a ; Reichardt, 1975a ). repressor
promotes lysogeny and prevents phage production, while tof
product prevents lysogeny and does not seriously interfere with
phage production in normal circumstances, Tof product has three
target cites ; one on PT at which it regulates N and clll ,
one on P_, at which it regulates tof and ell and a third cn
P at which it blocks cl ( Heichardt, 1973 b ) Therefore, the
—rra -
tof product is responsible for the turn off of synthesis of
replication, recombination and regulation proteins as the
virus enters the late stage of development.
5° DHA replication genes
DNA replication requires the products 0 and
P which are coded by genes 0 and P. It also requires the
intact ori site. It is initiated 3- minutes aftex thermal induction
at orj. and is bidirectional. ( Dove5 et. aU, 1971 ) It also
requires host products coded by genes dnnB , dnaE and dnaG
( Hayes and Szybalski, 1973 » Wochcler raid Gross, 1971 '
Moreover, two kinds of RNA transcripts ere required for the
initiation of the DNA re? ication fork : the rightvard
transcription in the ori-Q- y -gion ( Dove et. al., 1971 )
and a strong augmentation of the synthesis of tho 8l- nucleotide-'
£212 which depends on the elements ori, 0MWMHIMI •«»
and P and on the products of heat genee dnaB and dnnG , but
not on dnaE ( Hayes and Saybalski, 1973 )• There appears to
be two phases of DNA synthesis : (a) the first phase yields
DNA circles with bidirectional replication forks (b)
the later phase which is predominantly leftward replication
leads to formation of the long DNA concatemers. The
concateraeric DNA with at least two sites of cohesive ends can
be cut by the Ter function of and packaged into the phage
heads The phage specific A protein is also responsible for
the DNA cutting ( Hohn, 1975 )•
6. Late control genesii undK. nn i •mmma i mn
The Q gene of
.•5 phage acts as a positivo regulator
by permitting 1'late' transcription of the R 2 scripton
( genes S-R-A-J ) promoted at P' ( Echols, 1971 ; Szybalski,ii
197f ; Szybalski, 1970 ; Thomas, 1971 )• This promoting activity
of gene Q appears to be vital for normal development, since
it increases transcription cf the late regions by at least 10
fold ( Szybalski, 1971 ).
The 0 product seems to modify the host RNA polymerase
( Naono and Tokuyama, 1970 ) and permits it either to recognise
the P1 promoter or just to extend the transcription alreadyK
initiated at P' , but prematurely aborted ( Blattner et g!,
1972 )
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Genes S and R are required for cell lysis ( Campbell,
1971 ) The S protein may cause the destruction of the hosty7f
membrane ( Campbell, 1971 Adhya et al., 1971 ) The R geneCWV
codes for the endolysin ( endoieptidase ), which cleaves
the amino-carboxyl crosslink between the diminoplmelic acid
and D«alanine residues in the mure5.n component of the baetrial
cell wall ( Campbell, 1971 » Taylor, 1971 )
B« RNA transcription in bacteriophage
(a) Transcriptional units of bacteriophago
The designation, scripton , is used to describe tho
unit of transcription in bacteriophage ( Szybalski et.
al., 1970 ). It is a transcriptional unit principally defined
by its single promoter and its unidirectional orientation.
As shown in Fig, 1 , the transcriptional map of
consists of several scriptons, some oriented rightvard ( R ,
R ) some oriented leftward ( ). As examplified
by ecripton, one scripton may contain many genes which
code for various transacting proteins, including the controlling
factors , and several cis-dominant target sites for transcriptional
control
(b) Transcription in the prophage state
In the prophage state, the phage genome, now denoted
prophage11, comprises about 1% of the host DNA. To ensure its
existence in the prophage state only one operon of phage
is transcribed. This is tho operon. The host RNA polymerase
recognizes the promoter ( P ) and produces raRNA for genes
cl and rex, copying the 1 strand of DNAo Tho cl - rex mRNA
is translated into the repressor protein and the rex
product. The cl repressor interacts with the 0T and
~L — R
operators and blocks expression of all the major genes.
The presence of repressor confers immunity against
infection by phage, whereas the rex function blocks themtunr.—imp
development of certain mutants of the unrelated colipliages T[t
ana i. . lne cl - rex transcription corresponds to about
90$ of the total prophage transcription, with the remainder
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to a few other sites, including regions oop and int on the
l - strand and a 198-nucleotide long RNA in the PR' region
on the r - strand. These minor transcriptions appear to be
of no physiological importance to the maintenance of the
prophago state.
In the prophage state, only about 4 % of the
prophage genome is transcribed. ( Szybalski, 1974b )
(c) Transcription in the lytic growth
The lytic growth of bacteriophage follows the
same course whether it is initiated by infection or induction
of the prophage. If it is initiated by infection, the DNA
has to be excised from the host chromosome with the help of
the product of int and xis.
After prophage induction or infection, immediate-
early transcription occurs from P-L and P-R promoters.
However, both leftward and rightward tranccription do not
proceed very far ( about 1.5% and 0.5% of respectively ).
The bulk of them are being terminated at the t-L and t-Rl
terminators. ( Blattner and Dahlberg, 1972 ) Such immediate-
early transcription yields m-RNA for gene N on the left
side and m-RNA for gene tof on the right. The N gene product
acts as the anti-termination factor to remove the transcriptional
blocks at tho termination sites t , t , . It interacts
with the host RNA polymerase and abolished the —»—imposed
termination at these sites ( Blattner and Dahlberg, 197 ).
The tof gene product can prevent the cl repressor from
being synthesized to ensure the lytic response It also
reduces the transcription from P_ and PT with the N
—R -L
gene product to remove the transcriptional blocks, .
In this manner, the leftward transcription
extends from tho P site to gene int. , and the rightward
transcription, which originates at , covers genes tof ,
0 , P , g and beyond. The 0 and P genes are responsible
for DNA replication. Tlie product of gene £ permits the
RNA polymerase to initiate from P1 promoter. This leads
to a massive rightward transcription of the S - J region.
These include the genes S and Pv for lysis and A to
J for phage head to tail. Eventually, all the genes
are expressed and thus lead to the production of a crop of
about 100 progeny phages.
(d ) Decision between lytic growth and .1 ysogeny af te r _ phage infect ion
Immediate-early transcription leads to the products
of genes K arid tof. The tof gene product reduces the«cu» —KIWW
synthesis of cl repressor and favors lytic response. The
N product removes transcriptional blocks at t„ , tRl
~L ~
and • This allows the ell and cIII gene expression.
The ell and cIII genes are required for the establishment
of lysogony ( Kaiser, 1957 ; Strack and Ziegler, 1969 ).
They activate the P ( p ) rn'ornh-r -w. tir, v •
—c —re piomoeei m tne y region
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and increuses the cI repressors. Thereforo the gene products
of cII and cIII appear to delay the lytic response by
inhibiting the oxpression of the late genes( KcMecken et.
al., 1970) Thus the decision between lytic growth and lysogeny
depends upon the relative activities of these two sets of
genes.
The cI- rox transcription promoted at Pc' site
( Pre) appears to be repressed by the tof product, but
somehow when the cI repressor dominates, the PL and PR
promoters are blocked by the repressor protein bound at
the 0L and 0R operators. Thus no other genes for lytic
growth are expressed and lysogeny can be waintained. If it
happens that the t of gene product dominates, the synthesis
of the cl repressor is repressed and other genes for lytic
growth can be sequentially expressed. Rolfe etc al. (1973)
proposed that it is the relative levels of cI!I and tof
gene products which form the key to the selection of the
lytic and lysogenic responcese
There are also other factors that can exhibit
some effects on the decision of lytic and lysogenic responses.
These include tho multiplicity of infection, Mg++ concentration,
the physiological state and the genetic make up of the
bacteria and the levels of cyclic AMP and the GAP protein
17
(Lieb, 1953; Fry, 1959;Eisen et. al., 1970; Hong et. al.,
1971; Grodi.zichor et. al., 1972 Pearson, 1972 Koufilcky,
1973 Belford and Wulff, 1974).
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C. Significance of Gene Dosage Effect in a) Prokaryotic cello
b) Euka ryo t is cell c
Since the: discovery of regulatory mutants in bacteria,
a great number of genetic and biochemical investigations has
led to concrete conceptions of the molecular rrechanismu of
gene regulation. Many researches have been directed towards
the quantitative aspects of the operation of regulation in
vivo, particularly by the variation of external effector levels.
However, this type of study is limited to genet whose rates of
expression are controlled by small molecules able to permeate
the cell membrane or by one of their metabolic derivatives.
Anyway, there is another approach-'' Gene dosage approach''
which is not hold up by this limitation and may be helpful to disclose
the mystery of* the quantitative aspects of the operation of
gene regulation.
In fact, within there f ow years, carry experiments have
been oriented to tackle this problem: hor does gene dosage
influence the gene regulation in a particu). ar system or a
metabolic pathway? This 11 gene-dosage approach'' has been
taken up in experiments dealt with both eukaryotic and
prokaryotic cells. Significant data are shovn in both biological
systems. This proves that the study of gene dosage effects
is a useful too for a quatitative decrinion of geno
expression in living cells. What follows tries to shov; the
significance of gene dosage effect in prokaryotic and eukaryotic
cells.
Prokaryotic systems
The mechanisms underlying the gene regulation in
bacteriophage and Escherichia coli hvo been broadly
investigated. Since they are more easily cultured and have
fewer genes and simpler structures, they are good representatives
of prokaryotic cello to probe into the problem of quantitative
aspects of gene regulation.
In the study of gene dosage effect on gene expression,
the bacteriophage system is advantageous because it is easy
to control the number of the DNA copies present in the infected
cell either by the multiplicity of infection or by limiting
the replication of phage DNA or both. Some experiments have
been done and are related to gene dosage or DNA copies that
have effects on enzyri© synthesis.
For example, in T bacteriophage, late gene expression
depends on DNA replication • Small amount of DNA replication leads
to reduced enzyme levels. No DNA synthesis shows negligible
late enzyme synthesis. Specific examples are seen in endolysin
synthesis in (l) no DNA synthesis and (2) reduced DNA synthesis
( Mark, 1970 ).
The effect of gene dosage was also studied in E.
coli with . phage, using phage endolysin as an example of
a late gene product. It was observed that (l) no DNA replication
20
leads to very little endolysin synthesis. (2) High multiplicity
of infection favors lysogenization (3) High multiplicity of
Infection progressively delays lysis time (4) High multiplicity
of infection suppresses endolysin synthesis and exonuclease
synthesis in T_ cIIIi cII+ infected cells (Tsui and Mark, 1976).
Another important issue has also been made recently by
Reichardt (1975). It was found that (1) at low multiplicities,
the amount of cI expression is limited by the number of cI and
cIII, but not N or cII templates. (2) Phage DNA replication
promotes cI expression at low phage multiplicities.
An unpublished issue (Mark et. al., 1976) has provided
another important evidence to support the gene dosage theory.
A Lac tr. ansducing phage , plac 5 and an E. coli strain JC6256
with the Lac operon deleted were used. With this E. soli--
phage system, the effect of DNA copies on l3 -galactosidase
synthesis was measured. It was found that /3-galactosidase
synthesis increses with increasing multiplicity of -infection
in ,,-p7 c5-infected cells, With a DNA replication defective
mutant plac5 o-p° the increase of
c alactos idasos
synthesis with increasing multiplicity of infection is even
more significant,,
Besides observing the gene dosage effects on enzyme
synthesis or gene expression, there has been some. interest in
determining the maximum number of different phage gen.one which
can grow simultaneously in a single cell. It has been known that
21
more than one phage genorne can participate in replication in an
infected cell. This problem was first examined carefully by Edgar
and Steinberg (1958). They reached the conclusion that cw many
as 30 T4 phages could participf.to in growth in. one bacterium.
Similar approach has been taken up with system. In the, recent
paper by Helios Murialda (l974), they described experiments
designed to examine the extent of restriction of transcription
and replication in cells infected with multiple genori]es. Their
results indicate that only 1-5 genomes act as templates for
progeny phage DNA replication in an infected cell. This can be inter-
preted by the postulation by Lieb (1967) that there are limited
replication sites in the bacterial cells for phage. Therefore,
there is a severe restriction in the number of phage genomes that
are replicated in an infected cell. As a consequence of less re-
plication, less gene copies act as templates at the level of tren-
scription and the results can be attributed to limited gene dosage
effects.
In E.coli system, ribosome is produced in large quantitic,
in E. ccoli protein and the riboson 1. gene copy is 8..22 copies
per chromosome while most other genes contain only on9 gene
copy. This providea another valuable data for the gene dosage
problem.( DeRobertis et. al., 1975)
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b) Eukarv o tic system
The polyploidy and redundant genes of the Eukaryotic
system have served as a cornerstone for our though t.s about the
effect of gene dosage.
Polyploidy provides a system where the number of gene
copy for certain enzyme can be raised by varying the degree of
polyploid. This will provide some insights in the correlation
between gene copy and enzyme synthesis.
The redundant gene observed in ribosomal RNA genes,
histone genes, transfer RNA genes and antibody genes provide
another system where the relation between number of gene copy
and protein synthesis can be restricted into a specific kind
of genes.
The vast amount of results obtained in these two
aspects has provided valuable information and guideline for
our present experimentL.
(1) Poptoidy
A direct relation between gene doe-.ge and aLlotint of
the corresponding protein is generally as:umed to exist in
Eukaryotic system though it has been irivec tigated in a limited
number of cases. Yeasts seem to be an i.dcal niatorial for
this type of investigation in eukaryotic cells because they
can be easily obtained in different degrees of ploidy.
Macro!nolecular components of yeast cells in polyploid scx•ics
have already been. determined Ogur et. al., 1.952).
Diploid and tetraploid strains of S accharom,yces
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cerevisiae carrying different dosages of the TR5 gene (tryptophan
synthetase TST) have been constructed. DNA, soluble protein and
tryptophan synthetase were determined on a per cell basis in all
possible gene combinations in haploid, diploid and tetraploid
strains. In all cases, a strict proportionality between these
macromolecular components and ploidy was observed. Tryptophan
synthetase activity was also proportional to the dosage of
the active gene.( Ciferri, 0. et. al., 1969)
Besides this, it has also been found that there is a
correlation between photoreactivation and gene dosage in yeast.
(Resnick and Setlori, 1972) Pyrimidine dimers have been shown to
be induced in the DNA of Saccharom,yaes cerevislae by ultraviolet
( UV ) radiation,( Resnick and Setlori, 1971) This damage can
be repaired by a dark-repair mechanism that alters or removes
the diners or by a light-repair system( pho toreac tivation). The
splitting of the dieters is mediated by photoreactivating enzyme
( PR ), an enzyme that can be removed by a mutation in the
PHR1 gene( Resnick, 1969)
The ability of the crude extracts obtained from strains
having zero to four PHil genes to photoreactivate the transforwing
ability of UV-irre.diated transforming DNA waf obese.: ved. The
results showed that the strain with four PIiPI genes has the
greatest amount of PR enzyme, and there is progressively less
enzyme with a decrease in the number of PHRI genes. Therefore,
the amount of photoreactivating enzyme in tetraploid cells of
24
Saccharorvices cerovisiac and the ability of the cello to be
photoreactivated after ultraviolet irradiation are directly proportional
to the number of genes per cell involved in the synthesis of
photoreactivating enzyme,( Resnick and Sotlow, 1972)
Similar gene dosage effects as measured in diploids
and to traplo id s have been found for gala.c tokinase( Nelson and
Douglas, 1963) and for ertzymec involved in pyrimidirto biosynthesis
( Lacroute, 1968)
Recently, gene dosage effects have been observed in
polyploid strains of Saccharon Z2p cerevisiae containing gua--1
wild-type and mutant alleles( Reichert and Winter, 1975). Their
issue deals with the problem: how does a decreasing gene dose
gria-l for a metabolic enzyme influence the regulation of the
concerned pathway? The cultivation of the different Saccharor.iyces
strains in media upon which the mutant fails to grow leads to a
pronounced growth rate response to the dosage of the wild type
allele. Proportionality between the specific activity of the
guanosine 5'- rnonophosphate synthetase and the wild-type dosage
was revealed. Inosine 5'.-::ionophosphate dehyd: ogenrce, the precursor
enzyme in the pathway, is derepressed in a eigno:i d r_1r ,nner when
the wild-type dosage is reduced. The correlation chain, though
incomplete,( gua-l gone dosages-GMP cynthetase activity--.
GMP pool IMP dehydrogenase activity) chor c that the study
of gene dosage effects is useful for a quantitative description
of gene expression and the control of metabolite flux in living
cells, A similar approach is taken up by Barthelraesc et. al, (1970
with Neurocpora crassa.
(2) Redundant genes
a« Ribosomal RNA genes (r DNA)
Extensive information has been accumulated to show
that the ribosomal RNA genes carry large redundant copies.
Besides, the genes are arranged in tandon. Each unit of a
r DNA tandon is composed of a transcribed segment follov;ed
by a nontranscribed or spacer segment (Tartof, 1975 )
For example, in Xenopus laevis, 00-600 (Birnstiel et.
al., 1972 and 1969) repeating gene copies have been found
per haploid genome. The tandon is located in nucleolus
organizer (N0)(Pardue, 1975) ? and the structural gene
size is 76OO base pairs long while the spacer region is
2000 - 5000 baso pairs in length, ( Birnstiel, 1968 ;
Loening et, al, 199 » Wellauer Dawid, 1974 5 Wellauer
et, al,, 1974- ) Similar examples have been found in
Saccharornycea cerevislae, Drosophila melanogaster, Xenopus
Mill 1 TTnmn r-nnor 0 onH o» -r Vt o 0 r.c«
b, Histone genes (h DNA)
The hietone genes represent the first knoun case of
redundant genes serving a protein-coding function. In the
sea urchin9 PsaromechniuB mij.iarls, the 9S hm RNA is transcribed
from DNA sequences that are 1,200-fold redundant and are
clustered to form a high density satellite in CsCl density
gradient (Kedes 8c Birnstiel, 1971; Weinberg et. al, 1972)
Similar historic repeating genes have been reported for
pea ( Patthy et. ale, 1973 )» maize ( Stout Phillips, 197 )
chicken ( Greenway Murray, 1971 )» rat ( Sautiere, 1975 )
and calf ( Marzluff ct. ale, 1972 )
c Transfer RNA p;cnes (t DNA )
The structural gene coding for the average tRNA is
approximately 10 base pairs long ( Altraann, 1971 I Altman 8c
Smith, 1971 ; Bernhardt Darnell, 199 ) In Xenopus laevis ,
there is an average of 200 copies for each of the t0 or so codon
classes of tRNAs ( Clarkson etc al., 1973 ) There is also
evidence to indicate that most of these 200 copies are organized
as tandemly repeating units composed of a 7+0 base pairs spacer
of len GC content and a l'i-0 base pairs structural gene that is
G~C rich (Clarkson £c Birnstiel, 1973; Clarkson et« al. , 1973)
t DNA tandons have been located in Drosophila and yeast genomes
d. 5 S RNA genes (5 S DNA )
Our knowledge of 5S RNA gene structure has been
substantially advanced by studies of Xenon us laevis 5S DNA.
The 9?000 to 2,000 5 RNA genes in this organism ( Birnstiel
et. al•, 1972; Brown Weber, i960 ) are dispersed as discrete
tandons at the telomeres of at least 15 of the 18 chromosomes.
Another complete data are available to show homogeneous repeating
sequence of the 5S RNA genes in these eukaryote species such as
Chlorella ( Jordan et. al., 197 ) yeast ( Kindley and Page,
1973), Xenopus ( Brownlee et. al., 1972 )t chicken ( Pace et. al.,
197 ), marsupial ( Averner and Pace, 1972 ) and humans ( Forget
and Weissman, 197; Hatlen, Amaldi and Attardi, 1969 ).
e• Antibody (enes (a DNA)
The light (L) and heavy (H) subunitc of the antibody
molecules consist of variable and constant regions. In mammals,
the L subunit may be one of two classes : or Ji • The
variable regions, Vr or V„ are coded for by multiple linkedLi H
genes. Estimates for the number of V. genes in the mouse
range from 200 to several thousand (Cohn et. al., 197'+»
Rood et. al.,197 ? Premkuraar, et. al., 197'+ ? Tonegawa et. al.,
197'+ ) and it is probable that mouse is organized as a
tandon. The V, tandon would be expected to contain a widek 1
range of similar but non-identical genes in order to code
with a diversity of antigens.
f. Satellite DNA
The pioneering work of Southern (1970) first indicated
that satellite DNAs were composed of a tandemly repeating
unit that contains a small number of base pairs. Support
for these data and their implications have been most clearly
exemplified by the studies of Gall Atherton (197) on
the Drosophila virilis satellites. To date, sequence
—i ''Ai c u mmmm. g-uKarfjcaw a. i m '
analysis of a number of satellite DNAs have de monstrated
that they are very short repeating units of 2 to 10 base
pairs in lengtho Detailed data have been reported in
Drosophila virilis , Drosophila raelanogaster, Cancer
borealis ( marine crab ), Pagurus pollicaris ( hermit crab ),
Cavia poriella ( guinea pig ), Dipodomys ordii ( kangaroo
rat )
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As shown from the preceeding examples, the presence of the
tandemnly repeating units composing a. ribosomal RNA genes,
b. histone genes, c. transfer RNA genes d. 5S RNA genes
ee antibody genes f. satellite DNA leads to an assumption
that with the evolution of eukaryotes and their cell mass, certain
gene products were required in quantities that could only be
obtained by increasing the multiplicity of those particular
genes( Tartof, 1975)
A typical example can be given to further illustrate this
point of increasing gene copies( repeating gene units)--- gene
amplification. A somatic cell dividing every 24 hours generates only
about 3 x 106 ribosomes per day( Birnstiel, 1968). At this
rate, it would take the oocytes hundreds of years to complete
ribosome production. Thus, the 1,000 fold amplification( i.e.
1,000 repeating units for ribosomes) makes possible the intensive
ribosome synthesis required for oogenec i3.
As a conclusion, we can sec that gene dosage plays an
important role in the quantitative aspect of genetic regulation
and worths the trouble of further insight into the approach.
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Figure 2 A simplified map of prophage and of the
imm80 and 80 imm hybrid phages
( Szybalski, 1972 ; Fiandt et al., 1971 )
The solid and dotted lines represent DNA of
and 80, respectively. Hybridization of RNA
with the r-strand of 80imm permits
calculating the rate of rightward transcription
in the y-O-P region. Hybridization of RNA
with the r-strand of imm8O permits calculating
the rate of transcription (rightward) in the
A-J-b2 region. The rate of rightward transcription
in the Q-S-R region can be calculated from the
difference of hybridization of PNA with the
r-strand of , imm80, and 80imm .
The nin5 deletion reduces the length of the
y-O-P region from 11.5% to 6.1% .
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D. Background and Purpose of the Study
There is a popular hypothesis that when there are more
DNA copies, there will be more RNA synthesized. However data
to support this is very much lacking, especially on the
transcriptional level. We hope to provide more evidance along
this line.
Bacteriophage lambda is chosen for this type of research
because it contains fewer genes and simpler structures. In
comparison with one of the smallest human chromosome (no.21),
lambda virus is 1,000 times less in terms of nucleotide pairs.
Another important reason for choosing for this type of
research is that the DNA copies can be easily controlled by
either multiplicity of infection or by limiting the replication
of phase DNA or both.
A careful study on the gene dosage effects on enzyme
synthesis has been done recently by Tsui and Mark (1976).
Their results to showed that high multiplicity of infection delays
lysia time and exerts a negative effect on endolysin and
exonuclease synthesis. The problem was tackled at translational
level. My present study is still on the effects of multiplicity
of infection, but on m-RNA synthesis by E. coil infected by
bacteriophage lambda. Thus, the problem is dealt with at the
transcriptional level. We try to compare our findings with
those of Tsui and Mark and see whether there are any concordance
or differences on both transcriptional and translational levels.
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cI470-29P-3 is used for this study. It is a mutant with
no DNA replication ( 0, P genes are genes for DNA replication ).
Therefore, the number of DNA copies present in the bacteria-lambda
phage system will be equal to the number of phages infected to the
bacterial cells or multiplicity of infection.
The m-RNA preparation are 3 minute pulse labelling with
3H-uridine at 3-6, 15-18, 25-28 minutes after infection. The
bacterial cells are infected with multiplicity of infection 0, 2,
5, 10, 20.
The m-RNA transcribed from the r-strand of lambda is
measured by DNA-RNA hybridization with cIl7 r-strandDNA, while
m-RNA transcribed from the l-strand of lambda is measured by
cI47 l-strand DNA. Hybridization with imm 80 measures the m-RNA
transcribed from the A-J region. Hybridization with 80 imm
measures the m-RNA transcribed from the x-o-P region ( see Fig. 2)
Materials and Methods
A Dli n fTA rf roi nn f
cl,0 ( Kaiser, 1957 ) wae obtained from Dr. A. D. Kaiser.
_ 1mm i , ( Kaiser 8c Jacob, 1957 ) obtained from Dr. G.
Kavaianian.
cl,nSUBO.susP, was obtained from W.F. Dove and was checked— q. ) u-—-— 6
by complenentaton test with RRgP-, ( Campbell, 1961 ) and
susOpQ ( Campbell, 196l ). Both were obtained from Dr. W. F.
Dove.
The
-880 hybrid phases« . (A-J )att80inim80 (Franklin et. al. ,
1965) and 8Oat180iron ( Signer, 196+ ) arc referred as eimm80
and jd80iram , respectively. They were obtained from Dr. N.
Franklin and Dr. E. Signer.
B. Lysogens and bacteria :
E. coli strains 59, W5550 were used as the hosts for
h7
phage preparation. E. coli strain TC600(su+) was used for
v, sus mutant preparation.
T,vcnirpi
was the gift of Dr. W. Sly
Solutions and media
Trytone broth : 1% Tryptone (Difco), 0.5% NaCl
Tryptone plate; bottom and top agar : Tryptone (Sigma), 10 gm ;
NaCl , 5 gm ; vitamin B , 1 rag ; agar-agar (Sigma), 7 gm
for top agar and 11 gm for bottom agar per liter of distilled
water.
Suspension medium : Iris buffer (pH V.'t-), 6 x 10 M ; MgSOi( ,
9.7 x 10''M ; NaCl, 7 x 10~' M ; gelatin, 0.005 .
M9b buffers 5 gra KPO, 7 C« Na2HPCV 1 gm NHCl, 0.5 gra NaClf
1 ml of 1 M MgS09 10 ml of 10 M CaCl 1 litor of distilled
water, pH 7o2.
MCGB mediums M9b buffer suppleraented with 0.2(v:v) of Casamino
acids (Difco), 1% (wv) of glucose,and 2 ug of thiamin©
(Vitamin B)ml.
TES buffers0.15 K NaQl, ImM Tris, lOtfiM EDTA, pH 7.7
SSCs 0.15 M NaClt 15 mM Na,.citrate,pH7.
2xSSC otc.s concentration multiples of SSC. Filtered before use®
EDTAs 1 mM EDTA,ph .Jf - 8.0
Phenols Commercial phenol (A.R.) was redistilled and collected
at l82°C and stored under nitrogen in tightly closed vials
at -20°C When used,20 ml of molted phenol was mixed with
10 ml of double distilled water in a 62°C water bath. After
spinning down at 5000 rpm for 10 minutee,°C,the lower layer
(water saturated phenol)was taken for use.
TM buffers 0o01 K TrieO.Ol M MgSOpH 72
Hybridization fluids 10 ml of }£ x SSC, 0.6 ml of hot phenol, 006 ml
of 1.0 N NOH, pH 7.5
Trichloroacetic acid (TCA)s 5$ aqueous solution.Filtercd before
use®
Ahumin solution: Solution of bovine serum albumin .fraction V
(l ragnl) in 2 x SSC.
Prelyaing mixtures 0.5 ml of 1 M Trie buffer,pH 8.65 15.5 nil of
1 M sucrose ;2.f ml of 0.1 M EDTA,pH 8.65 0o2'{- ml of
10 ragml egg white lycozymo pll 7© 6; 13 «k nl of double die tilled
water
HNaeo solution: Stock solution of 1 ogml was freshly prepared
by disoolving the pancreatic RNase (code RASE or RAF:
Worthington Biochemical Corp , Freehold,New Jersey 0772,
USA.)in double distilled water preheated to 97°C for
10 minutesWhen used,stock was diluted with 2 x SSC by
10 fold to 20 ugrnl
DNaso solution: Stock solution of 1 mgml of electrophonetically
purified, RNase-free deoxyribonucleaso I in distilled water
(code DPFF; Worthington Biochemical Corp, Freehold,New
Jersey 0772,U.S.A)
H~Uridine: 5-K-uridine in 5©o nCiJ ml, Catalog No 1535-37,
was purchased from Schwartz-Mann Research Laboratoxieo,
Division of Becton-Dickineon Company,136 Liberty Street,
Now York.N.Y. 10006, U.S.A.i' •
Poly (U,C): Stock solutionl ragml of Poly (U,G) in double
distilled water. Folj?. (U,G) was purchased from Mile Research
Products Division,Mile Laboratories, Inc. Kankakee,Illinois
60901,U.S.A.
Polyethylene glycol (PEG 6,000 and 20,000): Polyethylene glycol
was purchased from Serva Foinbiochemica GMBH C0o, D-69OO
Heidelberg 1, Tho Fodei'l Republic of Germany
Scintillation fluid: 0A% PPO + 0.005 POPOP in 1 liter Toluene
Scintillation prrado)
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Macaloid suspension: This was purchased from American Tonsul Co.,
P.U. Box 1675 Houston, Texas 77001, S.A
Adsorption buffer: 3 gm KH2P04, 7 gm Na2, 0.5 gm NaCl,
1 gin NH4C1., 10 ml of 1 M MgSO4 (sterilized separately),
1 liter of distilled water, pH 6.5.
D. Complementation test:
The phage stock solution used for complementation test was
diluted to 109 phage/ml. The two phage strains for complementation
test were cross streaked against each other on the surface of
a plate seeded with E. coli W3350 on the top agar. Clearing
on the cross area indicates positive complementation which
means that the two mutants tested do not have mutation on the
same cistron on different locations produce a few scattered
plaques on the cross area through recombination. Howrever, this
is easily distinguished from the clearing on the cross area
through complementation.
E. Labelling and Isolation of ,3 H-RNA
RNA labelling and isolation in this series of experiment
make use of the pulse-labelling technique which is of
considerable importance in studies on macrommolecular synthesis
in microorganisms. These procedures allow one to distinguish
rapidly formed or rapidly turned-over minor components from
the bulk of similar classes of compounds in the cell. The
kinds of macromolecules labelled by the pulse can,
to some extent, be predetermined by controlling the
nature of the rdioactivoly labelled precursor that io used, and
by attention to the previous history of the culture or suspension
or organism. The pulse may vary from a few seconds to minutes or
hours, depending upon the organism, by application of chase of
unlabelled precursor or by addition of an appropriate inhibitor.
In our experiments, the isotope compound used is 5- H-uridine,
the pulse is 3 minutes, and the incorporation of the labelled
precursor is rapidly halted by pouring aliquots of the reaction
mixture onto a frozen and crushed medium supplemented with 0.02M
sodium aside. The cells in the mixture are then removed by centri-
fugation and are subjected to phenol extraction. Detailed procedures
are described as the following and they were modified from the
procedures described by Bvre, Lozeron, and Szybalski (1971)
I. Purified phage stock was prepared up to a high titer of 5 x 10
phages'ml •
2. An overnight culture of E.coli strain 59 vvas diluted one hundred
g
folds and was grown at 37°C in TM medium to 5 x IG cells per ml.
The culture was further diluted by one half with fresh TM medium
g
and was allowed to grow back to 5 x 10 cellsml. 100 l1 of the
Culture was taken and chilled in ice. After chilling, the cells
were spun down in Sorvall RC-2B ultracentrifuge (5000 rpm,
10 minutes ) and resuspended in 10 ml of M9b buffer.
Preparation of H-RNA
ESCHERICHIA C0I4 S TP A IN 59;+
growing in TM medium, 37°C
v Q
BACTERIA 5 x 10 cellsml
Centrifugation 5000 rpm for
10 rains, at b°C
q
BACTERIA 5 x I07 cellsml
Flask 1 Flask 2 Flask 3 Flask h Flask 3
(no phage) (MOI 2) (MOI 3) (MOI 10) (HOI 20)
+ 0.3 ml of 5- H-uridine (-0.5 mCi)
added at 3-6, 15-18 or 25~28
minutes after infection ; vigorous
shaking, 3 rains.
FLASK CONTAINING 5 ml of H9b 0.5 ml of 0.2 H NaN , -20°C
Centrifugation 5000 rpm,
4° C , 10 mins.
CTTPVUffArP AMfPp-J w jjaih nxriii X
-ZS
T Venn iPM dipt T rrm
xj- 4 uy vijn t A J JJ JL.
(d iscarded) + 3 ml prelysing mixture
4- 2 ml prelysing mixture for washing





0,5 ml TES for re suspension
+0.5 ml TES with 1% SDS









FROZEN FOR STORAGEJSin--«-VTt.Wnil1-.ri-,111-«|11».mnnmmI 11r1II 1I i «f.
3» he cells from step2 were again spun down ( 3,000 rpm, 4°C,
10 minutes ) , the supernatant was discarded and the cells
were resuopended again in 16 ml of cold ( 0°C ) adsorption
buffer, so the bacterial concentration io 3 x 10 cellsml.
k, The cells were divided into 5 fractions, 2 ml in each flo.Ek
kept in ice bath. Appropriate amount; of phage was added to each
fraction to obtain the multiplicity of infection of 6 ( no
phage ), 2, 5, 10, 20, and was allowed 20 minutes in ice for
adsorption.
5» At about 19-20 minutes after infection, 0.1 ml was taken from
each fraction and transferred to io ml T broth saturated with
I ml chloroform to measure the amount of unadsorbed phage.
6. After the 20 mlnutee of 0CC adsorption period, 48 nl of Al°C
KCGB medium was transferred to each fraction and aerated in 37°C
shaking water bath, the time of adding MCG3 medium was taken
as zero time.
7. At the indicated time ( 3min.; 15min.; 23 nin.; ) 0.3 «1 of
3- H-uridine (= 0.3 rod ) was rapidly added from disposable
1 ml syringe to the culture vigorously shaking at 37°0.
8...At the end of the pulse labelling ( 3 minutes ) the v iole
culture was poured into another flask containing 3 nO. of M9b
buffer ( supplemented with 20 mM NaH7 ) which had been frozen
. crushed, ana refrozen at -60°Ce The mixyure was shaken well
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on ice until melting occured, and was then tnansferred to
a 30-ml contrifuge tube ( Corex ), which had been kept on
icc.
9. The cells from step 8 were spun down in Sorvall RC-2B
ultracentrifuge ( 5,000 rpm, 4°C, 10 minutes ), and
resuspended in 3 ml of prelysing mixture, yielding
spheroplasts. The 3 ml sample was transferred into a
15-m1 centrifuge tube ( Cobox ), and the original tube
was washed with 2ml of prelysing mixture. The 5 ml sample
was incubated at 0°C for 5 minutes, and was then spun
down ( 5,000 rpm, 4°C, 10 minutes ), the supernatant was
discarded and the tube was allowed to drain for 3 minutes
at room temperature.
10. The pellet was resuspended in 0.5 ml of cold TES buffer.
After thorough mixing to ensure that all cells had been
resuspended, another 0.5 ml of TES buffer containing 1 %
sodium dodecyl sulfate was added to give a final concen-
tration of 0.5 % of the detergent in a total volume of
1 ml.
11. The suspension was heated for 3 minutes in a 97°C water
bath and was followed by cooling at room temperature for
5 minutes.
12. The tube was then placed in an ice bath, and 0.1 ml of a
2 % suspension of Macaloid was added. After mixing by a
short swirl on a Vortex mixer, 1.5 nil of water-saturated
phenol, preheated at 60°C , was added, and the mixture was
shaken v;ith Vortex at intervals for 3 minutes in the 62°C
water bath. The tube was again placed in ice water and
centrifugation was performed immediately ( 7500 rpru, i°C,
10 minutes ).
13. After centrifugation, the aqueous layer was taken out with
a Pasteur pipette held in a Clinac pipetter ( LaPine Company,
Chicago, Illinois 60629, U.S.A. ) and step 12 and 13 were
repeated twice.
1. The volume of the aqueous phase after the third phenol
extraction was measured, and the solution was adjusted to
the salt concentration 01 2 x SSC by a.dding 0.25 volume of
10 x SSC.
15« The RNA extract was frozen at -20°C and thaved slowly in ice
bath. The dissolved phenol was rolled into a large droplet and
was removed by using a pipet.
l6. The RNA extract v;ao assayed by transferring ten micro-litres
of the extract from step lk to 0.1 ml of 0.1 % alb' min solution
in a 13 x 100 mra tube standing on ice. To the mixture, 2 ml
of cold 5 % trichloroacetic acid was added. After mixing by
hand, precipitation was allowed to take place for 10 minutes
in the cold. The precipitate was collected on a 2k mm Bac-T-Flex
B6 membrane filter which had boon presoaked and prewached with
5 ml of 3 % TCA. After slow filtration ( Please refer to the section
of Membrane filter and filtration apparatus for detail ) of the
precipitated BNA (about 2 minutes), the sample tube was again washed
twice with 10 ml of cold 3 % TCA and finally with 100 ml cold
TCA. The filter was transfer-rod to a counting vial and was dried
at 80°C for 2 hours in a vacuum oven. The radioactivity was
counted in 10 ml of scintillation fluid. The number of counts
vgs used for the calculation of total labeled RNA.
F • Propagation , con cent-ration and purification of b a c t e r io ph ages
Isolation of bacteriophages in large quantity, free of
host cells, is neccessary for the hybridization studies. The purpose
of this step is to prepare DMA for strand separation. Bacteriophages
are grown in sensitive host cells and are ensured to grow in
lytic direction. The propagation, concentration and purification
of these phages are described as follows ;
(a) Propagation of phages
1. Sensitive E. coli cells (W3330, 39- or TC600) were grown
in large volume (2 litresflask) in tryptcm broth at 37°C
with good aeration to an early exponential culture ( O.D.croi_
373
=0.15 =2 x 101 cellsml )
2. The culture was supplemented with 10 oM Mg ' , and infected
with phages
at a multiplicity of infection of 005»
3» Incubation was alD.owed to continue at 37°C with aeration until
lysis• Lysis occurs as the culture reaches the stationary phase, and is
clearly visible as n clearing of the culture and the appearance
of many small flakes of bacterial debris.
At 3-6 hours after lysis started but before significant growth
of resistant bacteria was observed, the lysate were shaken with
a few drops of chloroform, and were distributed in 500 ml
polypropylene centrifuge bottles and centrifugation was undertaken
( 7,000 rpm, 10-20 min, Af°C )« The phage-containing supernatant
was decanted and saved. The titer of phage lysate was assayed
by plating method ( Adams, 1953 ).
(b) Concentration of phages
The lysates, now largely free of bacterial cells and
debris, were subjected to concentration by either the High
Speed Centrifugation Method or the PEG Precipitation Method.
1. High Speed Centrifugation Method
Lysates were distributed to six 250 ml polypropylene bottles
with sealing cap and vzas concentrated by high speed centrifugation
( Spinco rotor 19, 18,000 rpm, t-5 hours, r°C ). The pellets
were resuspended in 1100 of the original volume of suspension
buffer. After another low speed centrifugation ( 5,000 rpm,
10 minutes, i°C ) to remove remaining debris, the concentrated
phages were assayed carefully by plating method.
2. Polyethylene glycol (PEG) precipitation method
PEG precipitation method for bacteriophages was described
by Yamamota (1970). The following description is the modified
one. The lysate was supplemented with 0.9 M NaCl and 73-
8.0 % polyethylene glycol (PEG M.W. 6,000 Or 20,000) and
dissolved by continuous stirring overnight ( about 8 hours )
at +°C. The phage particles were collected by ceritrifugation
(8,000 rprn, 20 minutes, +°C ). The supernatant cae removed
completely and the pellet was resuspended in 1100 volume
of suspension buffer by shaking 2-3 hours at +°C. The
residual debris was removed by a low speed centrifugation
(3000 rprn, 10 minutes,' °C) and the titer of the phage was
assayed•
(C) Purification of phages
1. Water and crystal CsCl were added to the concentrated phage
suspension to obtain a 12 ml of solution of density, 1.96gmml
(refractive index 1.3810 - 8° 10 )„ The suspension was then
distributed to 3 nitrocellulose tubes ( BeckmanSpinco Yz x 2
inches, Cat. No. 303030 ) and overlaid with about 1 ml of
mineral oil up to the rim of each tube.
2. The CsCl phage suspension in nitrocellulose tubes was
centrifuged. at 30,000 rprn for 20-22 hours at3»10°C in an Spinco
SW30.1 rotor in Beckman Spinco L2-63B ultracentrifuge.
Thereafter the tubes were punctured from the side with a
syringe needle just below the hand, and small volume of a
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CcCl solution with the visible, sharp, 1 - 2 mm broad phase
band were collected in a sterile 1-ml syringe and transferred
to a screw-cap vial and stored at 4-5°C. Usually 1 to 4 x
1013 phages, i.e., up to 2 mg DNA was collected.
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Preparation and Purification of Bacteriophages
BACTERIA CULTURE (2 x 107 bacteria/ml)
Phage infection (M.O.I. = 0.05)
LYSIS
Centrifugation








30,000 rpm, 20 hours, 4°C
R.I. = 1.3810
PURIFIED PHAGES
G. Extraction of DNA from phage and separation of phage DMA
e tT rt ri rl r
Preparative separation of the complementary DNA strand is of
paramount importance for the detail study of the mechanism
and orientation of the DNA-to-PNA transcription process by
DNA-RNA hybridisation techniques The separation technique
is based on preferential interaction of one of the complementary
6trands with polyribonucleotides, and the resulting different
buoyant density shift in the CsCl gradient. The strand with
the higher affinity for guanine-rich polyribonucleotides is
designated as r-strand or H-strand or C-strand depending on
different conventions, and that of lesser affinity is designated
as 1-strand or L~strand or W-strand. The affinity of single-
stranded DNA to guanine-rich polyribonucleotides is interpreted
as being due to the presence of deoxycytidine, (dC), rich
sequences (clusters) in DNA ( Szybalski et al., 1966 ). It
has been calculated that the number of deoxycytidine-rich
clusters in r-strand is greater than that in 1-strand in a
ratio of 17 : 5 ( Davidson and Szybalski, 1971 ). It has
also been found that the highest number of these clusters is
on the left arm (Genes A to J) of the r-strand. The regaining
clusters are located on the inner right quarter of strand 1
( Genes int to cl ) and on the outer right quarter of strand
r ( Gene3 tof to R ) ( Davidson and Szybalski, 1971 )•
Tho method used is to combine the DNA release, denturation,
and interaction with guanine-rich polyribonucleotides in a
single step, by exposing a mixture of phage, detergent, and
guanine-rich polyribonucleotides to a brief thermal treat¬
ment in a solvent of low ionic strength, This method has been
designed to assure that no single-ctrand breaks would be
produced by these treatments The integrity of the separated
strands was tested by measuring its sedimentation coefficient,
banding pattern in CsCl density gradientsf and appeaxance under
electron microscope. All the results ovidence that the separated
strands re intact. The purity of the separated strands has
also been shown to bo 990 % pure as measured by the hybridization
between these single 6trands and m-RNA specific for each of
them (Rradecna and Szybalski, 1967). Nevertheless, the self-
annealing routine which removes undesirable contaminating
strands, is still necessary for low level transcriptional
studies, Pol.y (U,G,) has been demonstrated to have a very:
effective interaction with the denatured DNA and give a
larger density increment and wider separation between com¬
plementary strands. The sffect of guanine-rich polyribonucleotides
other than poly (U,G,), e,g, poly G, poly (I,G), on the banding-
pattern of denatured DNA has been evaluated. Results
showed that all are effective, but usually with a lower
degree of separation or broader peaks than is achieved vith
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poly (U, G) (Guha and Szybalski, 1968).
poly (U,G) attaching to the r-strand can easily be
removed by adding excess amount of poly C which has higher
affinity with poly (U,G) and followed by another cycle of
density gradient centrifugation. However, in transcriptional
studies, rnRNA is used to bind with the separated single
strand. The affinity of mRNA transcribed to its comple-
mentary DNA is much higher than that of poly (U, G) to the
r-strand, therefore, it is not necessary to removed poly
(U,G) from the r-strand prior to the hybridization studies.
Procedures for preparative separation of the phage
DNA strandsfor use in hybridization were modified from that
described by.. B,4vre and Szybalski (1971).
1. A CsCa. suspension containing 6-7 x 1012 phage particles
(300-350 g DNA) was dialysed for 4 hours against 2
liters of 1 mM EDTA at 4°C, pH 8.5.
2. The phage suspension was supplemented with l mM EDTA
to obtain a volume of 1.15 ml. Then 0.15-0.20 ml of
poly (U,G) solution (lmg/ml) and 10 1 of 10%
Sarkosyl, and 8 M 1A 1 of 111 NaOH were added. pH was
checked by pII paper to have a valtuc between pH 8-9.5.
3. The mixture was heated at 95°C for 3 millutes and chilled.
immdiately in salt-ice mixture (-8°C).
4. 0.1 ml of 0.5 M Tris buffer (pH8.0), 0.05 ml of 0.1 M
EDTA, pH 8.0, and 7.0 nil of satuated CsCI were added to
obtain a density of 1.72 gm/cm3 (refractive index 1.4014--
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1.4022= 10 15'- 1020').
5. The cold mixture was distributed into three Beckman/
Spinco polyallomer tubes, size YZ x 2 inches, Cat. No.
326819. The tubes were filled up to the rim with
mineral oil and transferred to an SW50.1 prcchilled
rotor.
6. Fractions were collected by puncturing the bottom of
the tubes by a fractionator as shown in Figure 3,
Vials (40) were placed on a long plastic vial holder
and. recieved the drops by moving the vial-holder along
a set track. Fractions were taken out by a pipotter
with a polyethylene tip and measured at O.D.260 tlith
a 1-mm cuvette. he respective strand of DNA were pooled
together according to the O.D.260 measurement,
7. Each pooled fraction was subjected to a self-anncalling
procedure (5 hours at 67°C) whereby any contaminating
opposite DNA strand will be converted to duplex DNA
which cannot participate in hybridization with 3H-RNA.
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Separation of phage DNA Strands
PURIFIED PHAGES IN CsCl SOLUTION
Dialysis: EDTA l mM, 2-Liter,
4 hours, 4°C
PHAGE
+ Sarkosyl 10%, 10 ul
+ Poly (U, G) l mg/ml,
0.15- 0.20ml
+ NaOH IM, 8ul. pH 8-9.5
Heating, 95°C, 3 minutes
PHAGE DNA
CsCl density gradient centrifugation









Figure 3 Fractionation setup
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H. RNA-DNA hybridization insolt on (Liquid 11 bridization)
a.) Introduction
Two variants of the RNA-DNA hybridization
technique are at present in general use. The first,
designated here as hybridization in solution (or liouid
hbridization) is based on the original method of Nygaard
and Hall (1964) and involves hybridization between derlaturi
DNA and 3H- or 32P- labelled RNA in an appropriate fluid
medium, followed by filtration of the annealed mixture
through a nitrocellulose membrane filter. However, the
pitfall of this method is that along with the b bridizatio]
between DNA and RNA, there is a concommitrsant renaturation
of the denatured DNA molecules.
The second technique, designated here as filter
hybra.dization, is based on the Gillespie Quid Spiegelman
(1965) modification of the above technique and involves
hybridization between a solution of labelled RNA and
denatured DNA already fixed on nitrocellulo e filters.
the disadvantages of th:iE, technique are that it is more
laborious and time consuming. The efficiency of hybridi_-
zation is decreased and the time of annealling is increase
since comparatively large volumes of hybridization mix-
ture are required, with resulting lower concentrations
of the reactants, one of which, i.e. DNA, cannot diffuse
freely.
The first step hybridization described below
combines the advantages of both hybridization method.
In place of denatured DNA, the separated and isolated
complementary DNA strands (1 and r) are used, one at a
time, which eliminates the problem of DNA renaturation.
This is to take advantage of the fact that thetv;o
complementary strands of lambda DNA are separable. The
use of single stranded DNA also provides an. additional
advantage by permitting one to determine which of the
strands acts as a template i.e. the relative orientation
of transcription for RNA.
The use of hybrid phages here, e.g.Ximm80
(Franklin et al.v 1965) nnd 080 1mm(Signer, I96T) is
an efficient tool for the study of segmental, phage ~
directed RNA synthesis and. its control.
One - step hybridisation discussed below is firstly
described by Bjvre, Lozeron and Szybalski (1971).
b). One - step hybridizationnil. II ,H mtim—II. nwtini«n—» i HI WH..ium.«hi i.rj
1. Annealing.
30ul of DNA strands (containing about 3~5ug DNA'
are employed, as monitored by 0D260 raeasureraents T1 o
hybridization takes j)lace in a totcl volume of 03ml of
hybridization fluid with 0.3ml of II-RNA. When parallel
samples are compared with respect to transcription rate,
it must be ensured that the amount of DNA is saturating
for all DNA segments studied, by varying the amount of
DNA or RNA. If concentratedrCsCl solution is introduced with
the DNA strands, it might be advisable to reduce the concent-
rationoof HaCl in the hybridization fluid so as to attain the
I + -f e
total molar concertration of 0+ M for Na + Cs • However, the
salt concentration appears not too critical since it has been
found that hybridization yields remain reasonably constant
+ +
within the range of 03~1.5 M Cs + Na • Annealing is perform-
O
ed at 6? C for 5-6 hours.
2Collection of the RNA-DNA hybrids
—1w1 iwini irm —Iirwi i ntimm« i i i—i-w—mmmmmmrnMmmmmmmmmmmmamrnrn
o
After annealing at 67 C, the solution is immediately
chilled in ice water to depress any nonspecific hybridization
at intermediate temperatures, and diluted to 10 ml of 2 x SSC in
in a test tube Then it is filtered slowly through B6 filters
presoaked in 2 x SSC and prewashed with 10 ml of 2 x SSC® At
this filtration step, salt concentration higher than those in
3
2 x SSC cause nonspecific retention of RNA- H by the filters
Filtration should bo quite slow (l mlminute), under little
or no vacuum Thereafter, each filter is washed with 10 ml of
2 x SSC (slow filtration), 50 ml of 2 x SSC (moderate speed of
filtration, i«£ot about 2 minutes), and 50 ml of 2 x SSC (high
speed of filtration, i.e., Yz - 1 minute), all with the DNA
side of the filter upvvrardso All filtration steps take place
at room temperature
3. Riia.sc treatment•—r.iu.«
To reduce or eliminate nonspecific and partial
binding of RNA to DNA or to the filters it is necessary
to treat the filters with RNase after hybridization The
use of pancreatic RNase (pRNase) alone is probably
satisfactory® The RNase treatment is performed by placing
the filter in 2 ml of 2 : SSC containing UOig pRNase.
Incubation takes place at room temperature, usually for
1 hour Lowering the salt concertration or raising the
temperature might be helpfuj. vshen attempting to digest
imperfectly annealed DNA, especially when studing semi-
specific binding between RNA and DNA of closely related
species The vials are chilled on ice, and the filters
are taken out, rinsed with 10 ml of 2 : SSG on each side,
and then washed by filtration (high speed) with 50 ml of
2 x SSC applied from each side.
k9 Assay of hybridized RNA- H—' ——wJiii i.% rtaifi.'vvs.T n i tuMcoa—a—o
To complete an ordinary one-step hybridization pror
O
cedure, the filters are now dried at 60 C for 2 hours or
O
at SO 0 for % hour, and their radioactivity is assayed




0.3 ml 3H - RNA +
30 l r-strand DNA of desired phages +
0.3 ml Hybridization fluid
Hybridization (67°C, 5-6 hours)
COLLECTION OF HYBRID ON
MILLIPORE FILTER BY FIITRATION
RNase treatment
( 40 g pRNase )
Incubation (room temp., l hour)
FILTRATION
DRYING OF FILTER AT VACCUM OVEN
RADIOACTIVITY ASSAY
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Figure 4 Filtration Apparatus
RESULTS—! m—i.« tmmw
3
A • Lab oil ing and I eolation of K-RNA
1. Using phases concentrated bv Polyethylene Glycol (PEG)M, ,,, |„ I, mf—'T 11 r n III i 1 i i i BI ! i i ii I, m- I in I-QUI - I 1 - rr —nr-iiiw -1-T-V-M - » .i »
Precipitation Method
There are two methods to concentrate phages (1) High
speed centrifugation method Lysate is centrifuged at
O
18,000 r.p.m. for four hours at h C in a Spinco rotor 19
in Beckman Spinco L2-65B ultracentrifuge and (2) Poly¬
ethylene Glycol (PEG) Precipitation method ( refer to
Materials and Methods ).
For the first few experiments, Polyethylene Glycol
(PEG) Precipitation method was used to concentrate phages.
The PEG suspensions containing 10 phagesml were used fo
preparation of RNA.
It was found that : (l) the amount of mRNA synthesized
dropped significantly with increasing multiplicity of infect¬
ion and (2) if the bacteria are infected with phages at a
multiplicity of infection greater than 20. The spheroplasts
yielded after treatment of prelyeing mixture cannot be packed
very tightly into a pellet after centrifugation. This is
probably due to the leakage of bacterial cells by high KOI.
So during the decanting of the supernatent, some of the RNA
vill be lost and low counts are resulted. Some of the RNA
preparations in counts per minute are listed in table 1.
It should be pointed out that the amount of mRNA synthe¬
sized should not drop so drastically with MOI (multiplicity of
infection). The results of the labelled RNA counts are expected
to be more or less constant with only a slight drop with MOI.
The reasons will be discussed later.
It should also be pointed out that some preparations
have higher efficiency of labelling while some others have
rather low efficiency of labelling. The labelling efficiency
of RNA preparation depends on quite a number of factors. The
physiology of the bacteria is of primary importance. Therefore,
3
bacteria were grown to log-phase and pulse-labeled with H-
uridine. In this way, both bacteria and lambda-specific RNA
were labeled. Poor preparations (low counts or low labelling
efficiency) is usually attributed to either low incorporation
efficiency or RNA decomposition by RNase. In order to avoid the
RNase degradation, glasswares and solutions used v?ere autoclaved
and all steps were carried out at low temperature (chilled in
ic e-vater bath ) unless room temperature exposure was other¬
wise inevitable.
The prelysing mixture must be prepared right before ua;,
the action of which is on the bacteria cell vall yielding s] ±ero-
plasts. The spheroplast pellet must then be resuspended complete¬
ly in TES buffer. It was found that incomplete resuspension
resulted in poor RNA preparation. After addition of the TES-
SDS followed by heating, a clearing of the mixture was observed
61
which indicated that the bacterial cell were completely dicsolved,
2. Using phaze purified by cscl dencity gradient ccentrifugation
Phagec concentrated by Polyethylene glycol. (PEG) Preci-
pitation method and then purified by CcCl density gradient
centrifugation were used for RNA preparation. The purified phagee
were dialysed against suspension medium to remove CsCl before use.
Results showed (See Table 2) that the efficiency of
labelling of the amount of 3H-uridine incorporated into RNA remain
constant or exhibit only a slight drop with increasing multipli-
city of infection.
This is a great improvement froir, the RNA preparation using
PEG precipitated phage presented above. The reson for such sign-
ificant improvement io probably duo to the removal of uridine and
uracil present in the I'EG precipitated phago preparation by CsCl
density gradient centrifugation. The uridine and uracli present
in the PEG precipitated phage prep ration will dilute out the
3H-Uridine added. As more bacteriopheges are used in high multi-
plicity of infection preparation, the diluting effect by the
contaminated uridine will become more significant.
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Fig.5 Comparison of 3H-uridine incorporation into RNA
with bacteriophage cI470-29P-3 prepared from
(1) Polyethylene glycol (PEG) Precipitation
(2) Polyethylene glycol (PEG) Precipitation and
followed by CsCl density gradient purification
RNA prepared from bacteriophage prepared by
PEG Precipitation and followed by CsCl density
gradient purification















B. Propagation, Concentration and Purification of Phases
Before the actual processing of the phage propagation, phage
- ~Jk7' I1 W7°pq£h ViEH 80 end £ 80 1mm
were checked for
purity. The purity of
cl is based on the size and morphology
of plaques formed on permissive host. Hybrid phages were checked
by their plating ability on different lysogens. v. 1mm 80 cannot
grow on lysogens with C? 80 immunity region such ao E. coli c600
( 6 80), whereas 80 imm cannot grow on lyeogene with immunity
such as E. coli W3350 and 59
029sue P3 ie
checked by complementation test with ' bus O-andvj P.Us P,. The
9 10
yield of phage propagation is usually around 10 -10 phagesml
depending 011 the multiplicity of infection and the physiology of
bacteria.
Concentration of pjages was performed either by high speed
centrifugation or by polyethylene glycol precipitation. The dis¬
advantage of the centrifugation method is that it takes about
5-6 hours for each batch of 1.5 liter and it will take k runs to
complete one phage preparation (6 liters). Besides, the yield is
not very high. The polyethylene glycol (PEG) preciptation method
is rapid, convenient to operate and gives high yield of phages.
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Both PEG 6,000 and PEG 20,000 gives satisfactory result. After
the concentration step, the phage suspension usually has a titer
of 1011-101.2 phages/mi.
After CsCl density gradient centrifugation, a visible, sharp,
narrow (1-2 mm) band was observed. This band was extracted with
syringe. The purified phage Was then measured at O.D. 260 and
the result was shown in Table
68
Table3 Lambda phage preparation.
The concentration of phage obtained is expressed either
as jgDNA/ml or phage particles. The formula for convert-
ing O.D. 260 reading into DNA/ml are as follows:
tkO /igDNA/ml x 10 x 0. D. 260 absorption x dilution factor
= pgDNA/ml
In the O.D. 260 measurement, a 1 mm path length cuvette
was used, so a factor of 10 vas included in the
calculation.
The phage concentration was obtained by plate count.
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Table 3 PHAGE PREPARATION






1.00 4000 1.0 6.oo




0.20 8oo 1.0 1.40
.0.62 2480 4.221.0
0.50 2000 0.9 3.36
0.53 2120 1.0 4.24
K imm 80
1.40 1.0 11.20560o
0.75 3000 1.0 6.00
0.50 1+.1+02 000 1.2
0.43 1720 1.0 3.44
,80 imm%
1.50 6ooo 1.0 12.00
0.45 :.8oo 1.0 3.60
C. Strand Separation
Single-stranded DNA were separated by CsCl density
gradient centrifugation. The density gradient was fractionated
and the rea3ing wus measured. The fractions for
the r-strand were pooled together. The concentration of
the pooled single-stranded DNA was measured at anc
the results were shown in Table
There are several, technically noteworthy points in
achieving successful strand separation. DNA of lambda phage
is about 17.3 in length. Therefore, it is easily broken
down into pieces due to shear degradation. In order to avoid
f
this drawback, great care must therefore be taken in trans¬
ferring, pipetting, mixing and fractionation. Practically
every step, especially during fractionation, was proceeded
in a slow motion to avoid shaking.
Another possibility of unsuccessful separation is
enzyme nuclease degradation. To avoid this possibility,
practically every glassware and reagent should be sterilized.
Newly prepared and purified phage ensures successful separation.
As for heating and rapid cooling of DNA to produce
single DNA strands, the temperature of the boiling water
bath, the temperature in the ice-water and the extent of
shaking play an important role in determining the success
of the strand separation. The effect of cooling is to
avoid any self-annealing process at intermediate
temperature. Therefore, the steps are carried out in
prompt action and the water temperature is heated to
boiling to ensure that the temperature is higher than
97°C. The ice-water bath is set down to -8°C by adding
salt into it.
In separation of the
.£17 and
imm80 DNA,
the amount of poly (U,G) used is 0.15 nil, whereas the
amount of poly (U,G) for 801mm is 0.2 ml. The U6e
of larger amount of poly (U,G) comes from the experience
that DNA of the hybrid phage p80imm is more difficult
to separate. This is expected because it was found by
Davidson and Szybalski (1971) that tfoO DNA appears to
contain fewer poly (U,G) binding sites on the r~strand
of its left arm. This means that there is lesser number
of aeoxycytidine clusters in the r~strand of DNA.
The saturated CsCl solution used in strand
separation was prepared from two-times purified CsCl,
It has been shown that the purer the CeCl saturated
solution, the better the separation,














































































































The purpose of this study is to observe the effect of
multiplicity of infection on the m-RNA synthefiis in Eh coli
infected by bacteriophage lambda. DNA-RNA hybridization is
employed as a method to measure the m-RNA synthesized at 3-6,
15-18 and 25-28 minutes after infection of
cllf? and
• c-'-j anc the results were presented in tabulated
forms (see Table 5 to Table 26).
Bacterial cells were infected at a multiplicity of
infection 0, 2, 5 10 and 20. The effects of the increasing
multiplicity of infection of cl. „ and
- 7 -I;t7-29-3 011
m-RNA synthesis at 3-6, 15-18 and 25-28 minutes were
summarized in Table 27 and Table 28.
It can be illustrated from the results that multiplicity
of infection does have an important effect on transcription.
During the early period, 3 to 6 minutes after infection,
the transcription of the early genes does not seem to depend
on the number of DNA copies present in the infected cell.
This seems to hold true for E. coli either infected by
-Ii+7
or b
-£A7~2q2j5 • a-s° holds true for both the transcription
from the r-strand and the 1-strand . (see Tables 5-7 Tables
16-18)
Some stimulation of transcription by high multiplicity
of infection begins to appear during 15-18 minutes after
74
infection from the r-strand. The effect from infected
cells seeps to be more significant (see Table 8).
Transcription from the 1-strand did not show any
correlation with multiplicity of infection during either the
3 to 6 minutes or 15 to 18 minutes after infection, but a
positive stimulation of transcription by increasing multiplicity
of infection was observed during 25 to 28 minutes after infection.
The effect is particularly significant in c147020P3 infected
cells. (see Tablc 13)
Increasing the multiplicity of infection has a
marked inhibitory effect on the transcription from the late genes
such as the head and tail regions during late times (25 to 28
minutes). This effect is very significant in infected
cells (see Table 25).
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The m-RNA transcribed from the r-strand ofTable 5
3-6 minutes after infection in E.coli 594 was measured
by DNA-RNA hybridization with r-strand DNA. The
amount of specific 3H-RNIA synthesized is expressed
either in terms of hybridization efficiency (column 4)
or counts per minute that hybridized with the r-strand
DNA (column 3).
The total 3H-RNA (column 2) refers to the TCA precipit-
able RNA which contain both Eec li and specific RNA.
The hybridization efficiency represents the precentago
of total labelled RNA (E.coli and ) that hybridized
specifically to rdstrand of Lct47 DNA. The background
obtained without DNA has been subtracted.
76
Table 5 Transcription from the r-strand of cl470-29P-3

























The m-RNA transcribed from the 1-strand ofTable 6
3-6 minutes after infection in E.coli 594 was measured
by DNA-RNA hybridization with 1--strand DNA. The
amount of specific 3H-RNA synthisized is expressed
either in terms of hybridization effeciency (column 4)
or counts per minute that hybridized with the 1-strand
0f DNA (colunn 3).
The total. H-RNA (column 2) refers to the TCA precipit-
able RNA which contain both E.coli and specific RNA.
The hybridization effeciency. represent the percentage
of total labelled RNA (E.coli. and ) that hybridized
specifically to 1--strand of) DNA. The background
obtained without DNA has been subtracted.
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Table 6 Transcription from the l-strand of cI470-29P-3














0 6.64 0.407 0.062
2 3.93 28.131 7.571
5 2.78 13.547 5.998




Table 7 The m-RNA transcribed from A-J region of r-strand
of cI470-29P-3 3-6 minutes after infection in E. coli
594 was measured by DNA-RNA hybridization with imm80
r-strand DNA. The amount of specific 3H-RNA synthesized
is expressed either in terms of hybridization efficiency
(column 4) or counts per minute that hybridized with the
r-strand of imm80 DNA (column 3).
The total 3H-RNA (column 2)refers to the TCA precipitable
RNA which contain both E. coli and specific RNA.
The hybridization efficiency represents the percentage
of total labelled RNA (E. coli and ) that hybridized
specifically to r-strand of imm80 DNA. The background
obtained without DNA has been subtracted.
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Table 7 Transcription from the A-J region of l-strand of cI470-29P-3














0 6.64 0.597 0.09









Table 8 The m-RNA transcribed from the r-strand of cl470-29P-3
15-18 minutes after infection in E.coli 594 was measured
by DNA-RNA hybridization with cl47 r-strand DNA. The
amount of specific 3H-RNA synthesized is expressed
either in terms of hybridization efficiency (column 4)
or counts per minute that hybridized with the r-strand
of cl47 DNA (column 3).
The total 3H-RNA (column 2) refers to the TCA precipit-
able RNA which contain both E.coli and specific RNA.
The hybridization efficiency represent the percentage of
total labelled RNA (E.coli and ) that hybridized specifi-
cally to r-strand of cl47 DNA. The background obtained
without DNA has been subtracted.
Table 8 Transcription from the r-ctrand of X_cl7 0



































Table 9 The m-RNA transcribed from the 1-strand of
15-18 minut'es after infection in E.coli 55+ was measured
by DNA-RNA hybridization with cl.„ 1-strand DNA. The
amount of specific H-RNA synthesized is expressed either
in terms of hybridization efficiency (column h) or counts
per minute that hybridized with the 1-strand of
£1+7
DNA (column 3).
The total ''H-RNA (column 2) refers to the TCA precipitable
RNA which contain both E.coli and specific RNA.
The hybridization efficiency represent the percentage of
total labelled RNA (E»coli ancc—-jma——» J that hybridized specifi¬
cally to 1-strand of cl, DNA. The background obtained
without DNA has been subtracted.
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Trncription from the l-strand of
Table 9
15-18 minutes after infection in E.coli 594
3H-RNA Hybridization efficiency
Flul tipi icit ITotal input
with 1-strand or3H-RNA hybridizedof







Table 1 C The m-RNA transcribed from the A-J region of r-strund
of
£7—29—3 15-18 minutes after infection in
E. coli 59 was measured by DNA-RNA hybridization with
vimm80 r-strand DNA The amount of specific H~RNA
synthesized is expressed either in terms of hybridization
efficiency (column k) or counts per minute that hybridized
with the r-strand of iram80 DNA (column 3).
The total K-RNA (column 2) refers to the TCA precipitable
RNA which contain both E. coli and vspecific RNA.
The hybridization efficiency represents the percentage
of total labelled RNA (E. coll and ) that hybridized
specifically to r-strand of _imm80 DNA. The background
obtained without DNA has been subtracted.
Table 1 0 Transcription from the A~J region of r-strand of
£-7 -929 ? 3







(cpm x 10 ;)
5K-RNA
hybridized
(cpm x 10 )
Hybridization efficiency
with r«strand ofWCtA
























Table I | The m-RNA transcribed from the x-O-P region ofrnmm KM »«•
r-strand of P 15-18 minutes after
infection in JE. coli 59 was measured by DNA-RNA
hybridization with 080imm r-strand DNA. The
amount of
3
specific H-RNA synthesized is
expressed either in terms of hybridization
efficiency (column k) or counts per minute that
hybridized with the r-strand of 8Pimm DNA
(column 5)
The total H-RNA (column 2) refers to the TCA
precipitable RNA which contain both E coli.
and specific RNA«
The hybridization efficiency represents the percentage
of total labelled RNA (E« c_oli. and ) that
hybridized specifically to r-strand of 08Oifiim
DNA. The background obtained without DNA has
been subtracted.
Table I I Transcription from the x-O-P region of r-strand
of cl, ,-OP, 15-18 minuteo after
— '17-29-3




































Table I 2 The m-RNA transcribed from the r-strand of
25-28 minutes after infection iri E.coli 59- was measured
by DNA-RNA hybridization with clLr r-strand DNA® The
amount of specific H-RNA synthesized is expressed
either in terms of hybridization efficiency (column k)
or counts per minute that hybridized with the r-strand ofbit
~1'j7 DNA (column 3).
The total H-RNA (column 2) refers to the TCA precipitable
RNA which contain both E.coli andK a r ZS73 specific RNA
The hybridization efficiency represent the percentage of
total labelled RNA (E«coli and _) that hybridized
specifically to r-strand of
- £? h. 7 A• Th e b ackground
obtained without DNA has been subtracted®
Table 1 2 Transcription from the r-Btrand ofBUI
-Xk7 —27 ~3




































Table 1 3 The m-RNA transcribed from the 1-strand of cl.
— h 7-~2 9 3
2-28 minutes after infection in E. coli 59 vms
measured by DNA-RNA hybridization with £lL n l~strand
DNA. The amount of
3
specific H-RNA synthesized is
expressed either in terms of hybridization efficiency
(column f) or counts per minute that hybridized with
the 1-strand of clj_ DNA (column 3)
x
The total H-RNA (column 2) refers to the TCA precipitable
RNA which contain both the E. coli and specific RNA
The hybridization efficiency represents the percentage
of total labelled RNA (E. coli and J that hybridized
specifically to 1-strand of c1,n DNA The background
obtained without DNA has been subtracted.
Table 1 3 Transcription from the 1-strand of







(cpm x 10 )
5H-RNA
Hybridized
(cpra x 10 )
Hybridization efficiency





















Table 1 4 The m-RNA transcribed from the A-J region of r-strand of
2S-28 minutes after infection in E. coli 59
was measured by DNA-RNA hybridization with y irom80 r-strand
DNA. The amount of specific H-RNA synthesized is
expressed either in terms of hybridization efficiency
(column k) or counts per minute that hybridized with the
£ -strand of iraa8o DNA (column 3).
3
The total H-RNA (column 2) refers to the TCA precipitable
RNA which contain both K»£oli and specific RNA.
The hybridization efficiency represents the percentage of
total labelled RNA (E. coli and 0 that hybridized speci¬
fically to r-strand of immSQ DNA, The background obtained
without DNA has been subtracted
Table 1 4 Transcription from the A-J region of r-strand of








(cpm x 10 )
5h-rha
hybridized
(cpm x 10 J)
Hybrid i?;ation efficiency!





















Table 1 5 The m~RNA transcribed from the jx0-P region of _r-strand
of 2-28 minutes after infection in
coll 59'+ as measured by DNA-RNA hybridization
with 08Pimm
_r_-strand DNA. The amount of specific
5
H-RNA synthesized is expressed either in terms of
hybridization efficiency (column 0 or counts per minute
that hybridized with the r-strnd of 08Olrom DNA
(column 3)«
The total H-RNA (column 2) refers to the TCA precipitable
RNA which contain both coli and
.specific KNA.
The hybridization efficiency represents the percentage
of total labelled RNA (E» coli and ) that hybridized
specifically to r-strand of 08Pimm DNA. The
background obtained without DMA has been subtracted.
Table 15 Transcription from the x-O-P region of r-strand
of 25-28 minutes after infection






H ~ RN A
(cpm x 10 )
5h-rna
hybridized





2 6.56 9.121 1.591
9 9.8 8.819 1.65
10 8.79 19.907 I.818
20 7.19 12.592 1.727
strand of j 0 i rn r;
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Table 16 The m-RNA transcribed from the r-strand of cI47
3-6 minutes after infection in E. cols 594 was measured
by DNA-RNA hybridization with \cI47 r-strand DNA. The
amount of specific 3H-RNA synthesized is expressed in
terms of hybridization efficiency (column 4) or counts
per minute that hybridized with the r-strand of
cI47 DNA (column 3)
The total 3H--RNA (column 2) refers to the TCA precipitable
RNA which contain both E. coli and specific RNA.
The hybridization efficiency represents the percentage
of total labelled RNA (E. coli and)`) that hybridized
specifically to r-strand of cI47 DNA. The background
obtained without DNA has been subtracted
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Table l6 Transcription from the r-strand of 3-6 minues
after infection in E.coli. 594
3H-RNAMultiplicity Total input Hybridization efficiency
3H-RNA
of hybridized with r-strand of





10 1.84 1.938 1.0547
20 0.92 1.023 1.1125
Table 1 7
The m-RNA transcribed from the 1-strand of Xcl 3~6
minutes after infection in E.coli 39 was measured by
DNA-RNA hybridization withI l~strand DNA. The
3
amount of specific H-RNA synthesized is expressed either
in terms of hybridization efficiency (column 0 or counts
per minute that hybridized with the l~strand of DNA
(column 3)•
3
The total H-RNA (column 2) refers to the TCA precipitable
RNA which contain both E, coli and specific RNA.
The hybridization efficiency represents the percentage of
total labelled RNA (E» coli and ) that hybridized
specifically to l~strand of DNA. The background
obtained without DNA has been subtracted«,
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Table 17 Transcription from the 1-strand 3-6 minutes
after infection in E.coli 594
3H-RNAMultiplicity Total input Hybridization efficiency
with l-strand ofof 3H-RNA hybridized







Table 1 8 The m-RNA transcribed from the A-J region of r-strand
of £l,_ 3-6 minutes after infection of E. coli 59
was measured by DNA-RNA hybridization with imm80MMtmm
r-strand DNA. The amount of specific H-RNA synthesized
is expressed either in terms of hybridization efficiency
(column 4) or counts per minute that hybridized with
the r-strand of fcimm8o DNA (column 3)
3
The total H-RNA (column 2) refers to the TCA precipitahle
RNA which contain both E. coli and specific RNA.
The hybridization efficiency represents the percentage
of total labelled RNA OC. coli and ) that hybridized
specifically to r-strand of imm80 DNA. The background
obtained without DNA has been subtracted.
102
Table 1 8 Transcription from the A-J region of r-strand of
3-6 minutes after infection of E.coli 594
3H-RNA Hybridization efficiencyTotal inpufMultiplicity
3H-RNA with r-slranci ofhybridizedof







Table 1 3 The m-RNA transcribed from the r-strand of
.Cl|,n 15-18
minutes after infection in JE. coli 59+ was measured by
DNA-RNA hybridization with cl|„ r-strand DNA. The
amount of
3
specific H-RNA synthesized is expressed
either in terms of hybridisation efficiency (column b)
or counts per minute that hybridized with the r-strand
of
_cI.„DNA (column 3)
The total H-RNA (column 2) refers to the TCA precipitable
RNA which contain both JC. coli and specific RNA
The hybridization efficiency represents the percentage of
total labelled RNA (E. coli and _) that hybridized
specifically to r-strand of cl, DNA. The background
obtained without DNA has been subtracted
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Table 19 Transcription from the r-strand of
15.18 minutes after infection in E.coli 594
3H--RNAMultiplicit Total input Hybridization efficiency
3H-RNA
of hybridized with r-strand of







Table 2Q The m-RNA transcribed from the 1-strand of cl
7
15-18 minutes after infection in E» coli 59+ was
measured by DNA-RNA hybridization with cl, 1-strand
DNA. The amount of specific H-RNA synthesized is
expressed either in terras of hybridization efficiency•
(column h) or counts per minute that hybridized with the
1-strand of cl, DNA (column 5)•
3
The total H-RNA (column 2) refers to the TCA precipitable
RNA ?hich contain both E» coli and— 1 specific RNA.
The hybridization efficiency represents the percentage
of total labelled RNA ( JC. coli and _) that hybridised
specifically to 1-strand of cl, DNA. The background
obtained without DNA has been subtracted.
Table ? Q Transcription from the 1-strnnd o




( T ?A Tv i iv A.
Total input
5H-ena,
(cpm x 10 ')
5H-RKA
hybridized




0 10,55 0 0
2 10.93 31.000 2.836
3 8.27 19.667 2.378
10 k.35 19.50 k.532
20 3. k3 13.77k 5,021
Table 21 The ni-RNA transcribed from the A-J region of r-strand
of
--£•17 15-18 minutes after infection in E.coli
59 was measured by DNA-RNA hybridization with imm oO
r~strand DNA. The amount of
3
specific H--RNA synthesized
is expressed either in terms of hybridization efficiency
(column k) or counts por minute that hybridized with the
r-strand of
-imra 80 DNA (column 3)»
3
The total H-RNA (column 2) refers to the TCA precipitable
RNA which contain both E» coli and
-specific RNA.
The hybridization efficiency represents the percentage
of total labelled RNA (E. coli and ) that hybridized
specifically to r-strand of imm 80 DNA. The background1 — n' i
obtained without DNA has been subtracted.
Table 2 ! Transcription from the A-J region of r-strand of mclk7
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Table The m-RNA transcribed from the Jx.-0-P region of jr-strand
of minutes after infection in Jh co.1 i 59+
was measured by DNA-RNA hybridization with 0801mm
r-strand DNA. The amount of
3
specific H-RNA synthesized
is expressed either in terms of hybridization efficiency
(column or counts per minute that hybridized with
the r-strand of 08Oimir DNA (column 3).
3
The total 'H-RNA (column 2) refers to the TCA precipitable
RNA which contain both jh coll and specific RNA.
The hybridization efficiency represents the percentage
of total labelled RNA (E. coli and»»If— that hybridized
specifically to r-strand of 0801mm DNA. The background
obtained without DNA has been subtracted.
Table 2 2 Transcription from the x-O-P region of r-strand
of













































Table 2 3 The m-RNA transcribed from the r-strand of
~Xk7
25-28 minutes after infection in E. coli 59 was measured« ——m —
by DNA-RNA hybridization with
, clj, r-strand DNA® The
amount of
3
specific H-RNA synthesized is expressed
either in terms of hybridization efficiency (column i)
or counts per minute that hybridized with the r-strand
of
cllin DNA (column 3)
The total II-RNA (column 2) refers to the TCA precipitable
RNA which contain both E coli and specific RNA®
The hybridization efficiency represent the percentage
of total labelled RNA (E0 coli and ) that hybridized
specifically to r-strand of .£1j~ DNA® The background
obtained without DNA has been, subtracted®
Table 2 3 Transcription from the r-strand of
.7



































Table 2 4 The m-RNA transcribed from the lstrand of
-I7
25-28 minutes after infection in E. coli 59'+ vac•» »—» »
measured by DNA-RNA hybridization with
-£It7 i
strand DNA. The amount of specific H-RNA
synthesized is expressed either in terms of
hybridization efficiency (column b) or counts per
minute that hybridized with the 1-strand of
SZk 7
DNA (column J) •
The total H-RNA (column 2) refers to the TCA
precipitable RNA vhich contain both the E. coli and
specific RNA.
The hybridization efficiency represents the percentage
of total labelled RNA (E. coli and ) that hybridized
specifically to 1-strand of
— 1+y The background
obtained vvithout DNA has been subtractedo
Tnhl « ? d
Transcription from the l-strand of cl47














O 6.45 r 0
2 6.05 4.956 0.815
5 4.21 2.954 0; 701
10 5.49 5.500 0.600
20 10.0; 23.14] 2.508
Table 2! The m-RNA transcribed from the A-J region of r-strand
of Vol, 25-28 minutes after infection in E. coli
59'+ was measured by DNA-RNA hybridization vith vimin 80
r-strand DNA. The amount of specific H-RHA synthesized
is expressed either in terms of hybridization efficiency
(column k) or counts per minute that hybridized with the
1-strand of iram 80 DNA (column 3)«
5
The total. H-RNA (column 2) refers to the TCA precipitable
RNA which contain both E.coli and specific RNA,
The hybridization efficiency represents the percentage
of total labelled RNA (E.coli and
«MU,MWII III ~l1 .) that- hybridized
specifically to r-strand of imm 80 DNA, The background
obtained without DNA has been subtracted.
Table 2 5 Transcription from tho A-J region of r-otrand of
-~I47


































Table 2 G The rn-KNA transcribed from the x-O-P region of r-strand
of cl, 2-28 minutes after infection in JE. coli
594 was measured by DNA-RNA hybridization with 08Oimm
r-strand DNA. The amount of specific H-RNA
synthesized is expressed either in terms of hybridization
efficiency (column 0 or counts per minute that
hybridized with thejv-strand of 08Oiram DNA
(column 3).
The total H-RNA (column 2) refers to the TCA precipitable
RNA which contain both JC. coli and specific RNA,
The hybridization efficiency represents the percentage
of total labelled RNA ( E. coli and ) that hybridized
specifically to r-strand of 08Ofi.rnrn DNA. The background
obtained without DNA has been subtracted.
Table 2 G Transcription from the x-0_-P_ region of jr-strand of





































In this table, transcriptional results that had been
derived from cI470-29P-3 were summarized from
Table 5 to Table 15 . The dependence of transcription
on multiplicity of infection was expressed in one
or two words, such as increase, decrease, no
effect and etc..
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In this table, transcriptional results that has been
derived from cI47 were summarized from Table 16
to Table 26 . The dependence of transcription on
multiplicity of infection were expressed in one or
two words, such as increase, decrease, no effect, etc..




































The purpose of this study is to measure the effect of
multiplicity of infection on transcription in the lambda phage
infected cells. Tsui and Mark (1976) have studied the same
problem but at the translational levels.
Increasing multiplicity of infection can be simply interpreted
as increasing the number of NA copies present in the
infected cell ( Gene dosage ). The X-cI DNA replication
begins at low level and increases until 20-25 minutes after
infection . Therefore the number of DNA copies present
in the infected cell ought to be proportional to the
multiplicity of infection during the early period of infection.
In case of i such complication was eliminated
by the existence of the 0 and P gene mutations which inhibit
DNA replication throughout the lytic cycle.
However, the effect of multiplicity of infection is a
rather complex phenomenon in the regulation system. I
shall consider some findings of my study and discuss the
correlation of this observation ?ith the previous studies.
It was found that the m-RNA synthesized from either
the r-strand or 1-strand is not significantly dependent on
multiplicity of infection during 5-6 minutes after infection.
This was somewhat surprising because during this time, only
the early genes are involved. Tsui and Mark (1976) postulated
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that high multiplicity of infection would enhance the activity
of cIII and cII genes. This implies that they expect transcription
of the early genes to be stimulated by high multiplicity of
infection, but the transcriptional data from the 3 to 6
minutes did not provide support for this idea.
The stimulation of transcription by high multiplicity
of infection during 15-18 minutes did provide some support
for the postulation given by Tsui and Mark (1976) although
they expect such stimulation to occur much earlier. It should
be pointed out that there is some inconsistency between the
data given for transcription from the whole r-strand and that
from the x-O-P regions. Due to time and technical limitations,
these differences have not been sorted out.
The significant stimulation on transcription on
the 1- strand during 25-28 minutes after infection in
infected cells is a significant observation
in this transcriptional study. This result is in conflict
with the exonuclease results (Tsui and Mark, manuscript
preparation). They observed that the rate of exonuclease
synthesis was reduced by increasing multiplicity of infection.
On the other hand, this result is in good agreement with
those data obtained by Luk, Lau and Mark (1976, unpublished
results). They found that high multiplicity of infection would
increase the synthesis of B-galactosidase in E. coli cells
infected with pLac5cI857, a Lac transducing bacteriophage.
The extent of stimulation is stronger from
than from XpLaccIgy • It is quite likely that the Lac
operon in this transducing bacteriophage starts from the
promoter, so these two kinds of data can be compared.
The significant decrease of transcription from the late
genes (A to J genes for head and tail structures) as the
multiplicity of infection increased during late periods (25-28
minutes) in both the X £7 anc infected cells
provide full support for the major observation obtained by Tsui
and Mark (1976) on endolysin level. The extent of drop in
transcription also agrees with the endolysin data (Tsui Mark,1976)
It has been shown by previous investigators (Cohen
CViancr 1 Q70 fVi both m—PMa and ootein synthesis bothV Q dU y f V v V « V via u. i t 4 i k V A k a Vd V W O J i v •• v O a- V. s w W v •
sharply reduced after X. phage infection and the reduction is
multiplicity dependent. Also, the multiplicity of infection has a
3
very pronounced effect on the rate of H-thymidine incorporation
in X-infected cells (McMacken et. al. , 1970). High multiplicity
of infection leads to some release of bacterial cell content
(Tsui Mark, 1976). That explains part of my results that there
is reduction in total RNA synthesis with increasing multiplicity
of infection. The internal environment of bacteria is getting
wores and synthesize less m-RNA«
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